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Abstract. Despite growing interest in biomass over the last number of years, bio-ener-
gy derived from biomass currently contributes to a very small share of the total Spanish 
energy market. How individual farmers choose to respond to the opportunities presented 
by these relatively novel crops has still received scarce attention. In this paper, farmers’ 
intentions towards the adoption of energy crops are analyzed. A survey of 201 farm-
households in Southern Spain is explored using a non-parametric approach based on 
classification tree algorithms. The main outcome of this analysis is that off-farm labour 
factor affects the adoption of energy crops on farm, together with farm specializations, 
size of owned land and farmer’s education. While the study confirms the relevance of the 
main determinants available from the literature, need for further research is emphasised.
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1. Introduction and objective 
The use of biomass as an energy source has undergone a revival in industrial soci-
eties during the last 15 years. With the strong growth in human populations world-
wide, global energy consumption is beginning to exhaust conventional fossil energy 
resources. In addition, the release of CO2 from the burning of fossil energy has led 
to global climate change. Increased use of biomass for energy is therefore considered 
a potential solution as it offers moderate to significant greenhouse gas (GHG) sav-
ings compared with the use of fossil energy. Indeed, biomass could contribute to rural 
development through job creation and improved competitiveness in rural areas (Fis-
cher et al., 2005). For this purpose, bio-energy is being promoted through the most 
recent EU Directive (2009/28/EC) as well as national policy (Renewable Energies Plan 
2005-2010, Spain). 
Despite growing interest in biomass in recent years, bio-energy derived from bio-
mass currently contributes to a very small share of the total Spanish energy market. 
Indeed, approximately 77% of the primary energy used in Spain in 2010 was fossil fuel 
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based. Only 11.3% of total Spanish primary energy production came from renewable 
sources. Of these, biomass accounted for a mere 3.8%, far from the established objec-
tive (IDAE, 2010). Through the Renewable Energies Plan 2005-2010, Spain has fixed the 
objective of covering 29.67% of the total renewable energy production from biomass.
Of the three main biomass sources (agriculture, forest and waste), agriculture bio-
mass production is generally considered to have the greatest energy potential (EEA, 2006). 
Agricultural biomass includes biomass produced directly from agricultural activities, such 
as cereal grains, sugar crops, oilseeds and other arable crops, as well as farm forestry in 
short rotation (e.g. willow and poplar). At the same time agricultural biomass includes 
crop residues such as straw, and livestock wastes, for instance manure and animals fats. 
Nevertheless, for biomass to play a significant role in the world’s energy future, dedicated 
energy crops are essential (Evans et al., 2010). Energy crops on farmland can produce bio-
mass from fast-growing species in high densities and can be collected in short cycles. 
Many studies have been conducted in several areas of Spain, on the assessment (tech-
nical and environmental) of bio-energy production by means of energy crops, but in the 
assessment analysis only the off-farm chain has been considered. Biomass potential has 
often been evaluated on the basis of agronomic and climatic conditions (Gómez et al., 
2011), in terms of the global feasibility of a bio-energy system (Gasol et al., 2009; Mar-
tínez-Lozano et al., 2009), as well as environmental issues (Butnar et al., 2010; Sevigne et 
al., 2011). Yet, none of the studies conducted to date have looked at the farm economics, 
preferring to focus on the agronomic and technical feasibility of these crops. Generally, 
there is a lack of research on the farm economic issues and little is known about farmers’ 
attitudes towards the adoption of bio-energy crops. 
Growing energy crops is a non-traditional land use option (i.e. crop farming) 
which could be considered as innovation (Villamil et al., 2008). Energy crops face 
competition from other, arguably more standard uses of farmland, and if not seen as 
profitable to individual farmers, they will not be grown. Farmers’ decisions are there-
fore a key constraint to potential supply. For instance, Sherrington et al. (2008), ana-
lysed barriers to adopting new cropping systems (i.e. dedicated energy crops) at the 
farm gate level in UK. The authors found several barriers to widespread adoption, such 
as financial returns, and the fact that competing activities were much more rewarding 
- in particular, wheat due to the increasing price a few years before. In addition, farm-
ers need trusted information to make decisions (Sherrington et al., 2008), somewhat 
through differentiated channels (Villamil et al., 2008). The authors found that, in the 
areas studied, farmers need reliable information about technical and agronomic aspects 
of cultivation, as well as economic returns and contract agreements to produce ener-
gy crops. In general, farmers’ attitudes and intentions towards the adoption of energy 
crops on their farmland have still received scarce attention. To the best knowledge of 
the authors, there is not a single study focusing on farmers’ attitudes towards the adop-
tion of energy crops in Spain.
In this context, this paper seeks to analyse farmers’ intentions towards the adoption 
of energy crops in Spain. The research aims to explore farmers’ attitudes towards ener-
gy crops assuming that the other external driver factors remain constant. It should be 
stressed that in the geographic area under consideration energy crops are still not culti-
vated, therefore adoption of energy crops is seen as product innovation. In addition, all 
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consequences in terms of land and water use, as well as changes in farming practices are 
outside the scope of this paper. 
The analysis is based on the stated preferences theory and relies on a sample of 201 
farm-households in Andalusia (Southern Spain) carried out in 2009. A non-parametric 
approach based on classification tree algorithms is used to identify the main socio-eco-
nomic determinants of farmers’ intentions towards the adoption of energy crops. 
The remainder of the paper is organised as follows: in Section 2 the area study and 
sample descriptions are provided, followed in Section 3 by the methodology. Section 4 
illustrates the results, and finally concluding remarks are provided.
2. Materials
2.1 Area description
Andalusia is the most populous and the second largest, in terms of land area, of the 
seventeen Spanish autonomous communities. Figure 1 reports a map of Spain.
The agricultural utilized area amounts to 4,974,173 ha accounting for 57% of total 
surface. In 2009 GDP from the agricultural sector was around 6%, with an employment 
rate of 7% (Department of Agriculture and Fisheries, 2010).
The main climatic constraint for agricultural activities is water shortage. The rain-
fall pattern is typically Mediterranean, with wet winters and, hot and dry summer sea-
sons. The average annual precipitation is 560 mm, but drought periods are quite com-
mon. As a result, irrigation is the most important economic factor. While only 25% of 
Figure 1. Map of case study
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the total cultivated area is irrigated land, more than 60% of total agricultural GDP comes 
from irrigated crops. With respect to farm size, there is the classical dualism between the 
number of farmers and farm size. The majority of farmers (60%) cover a very small por-
tion of farmland (7.5%). 
Concerning the cropping pattern, arable land accounts for 32% of farmland. A rain 
fed system consisting of winter cereals and sunflower prevails. In other tilled areas where 
water is available, cotton and sugar beet are commonly grown. However, due to the last 
CAP (Common Agricultural Policy) reform in 2006 the prevalence of both crops has 
decreased considerably. From 2005 to 2009 they have seen a decrease of 44%. On the oth-
er hand, permanent crops are quite extensive (33%) with olive grove systems being the 
most important. Citrus, fruit and grapes are also cultivated. In addition, there are perma-
nent meadows called ‘dehesa’ for pig rearing that cover 26% of total utilized area. Finally, 
fresh cut crops (i.e. irrigated horticulture) and other secondary field crops cover a small 
percentage (Department of Agriculture and Fisheries, 2010). The region also includes a 
protected zone with 27% of total area belonging to the Natura 2000 red, which is the larg-
est area of this kind in the European Union. 
2.2 Farm-household sample
In the spring of 2009, farm-households across 3 main provinces of Andalusia (Jaen, 
Córdoba and Seville, accounting for 57% of farmland and 52% of farm-households for 
the Andalusia region) were surveyed by way of a questionnaire and a dataset of 201 
interviews was collected. Data was collected through face to face interviews. The ques-
tionnaire was divided into the following sections: a) Information about the household; 
b) Information about the farm; and c) Planned behaviour about a number of issues, 
including towards energy activity. 
The survey questionnaire was developed in order to analyze farmers’ inten-
tions towards the adoption of energy crops with the rest of the external driver fac-
tors being constant. The horizon fixed was 2020 and the scenario (next ten years) 
was defined assuming as constant circumstances with regard to prices, employment 
opportunities and other conditions (e.g. water availability) would remain stable at 
January 2009 levels. Moreover, it was assumed that the CAP would continue as it is 
currently planned, particularly with regard to the Single Farm Scheme (SFS), Rural 
Development Policy (RDP), and other instruments such as milk quotas and cross-
compliance. All of these factors and existing differences from farm to farm were also 
considered stable. 
The objectives of the survey were: a) to understand the farmers’ plans with respect 
to energy crops; and b) what factors explain differences in farmers’ intentions.
Care was taken to gain broad representation of the farming community age, farm 
size, and type of crop specialization. 
The main features and representativeness of the data sample are reported in Table 1.
The main farm specialization covered by the sample was specialist olive groves account-
ing for 30% of surveyed farmers. Otherwise, the group of arable crops reached 45%, special- 
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ist COP crops covered 19%, general field crops accounted for 27%; and other permanent 
crops and, mixed livestock with others crops, represented 10 and 13% respectively.
The representativeness of sample is fair with prevalence being for farmers specialized 
in olive grove systems and other permanent crops. However, it should be stressed that ara-
ble crop farmers are overvalued mainly with general field crops meanwhile class of farm 
size above 50 ha is overrated. As a whole the farmers sampled manage approximately 20 
000 ha. Finally, the average farmer age in the survey is 54 years, with 56 years being the 
average in the study area. 
Table 1. Comparison between area study and sample
Total study area Sample
Total Surface (ha) % %
Plain 2361900 57.19% 13267.4 66.41%
Hill and Mountain 1767600 42.80% 6711 33.59%
Total 4129500 100% 19978.4 100%
Farm specialization farm
COP* 25630 16.47% 38 18.91%
General field crops 26420 22.05% 54 26.87%
Olive grove 71655 46.06% 61 30.35%
Other permanent 25830 16.60% 21 10.45%
Livestock and field crops 23785 15.29% 27 13.43%
Total 155570 100% 201 100%
Farm classified by class of size farm
0 - 5 115259 62.55% 42 20.90%
5-20 45753 24.83% 57 28.36%
20-50 12243 6.64% 48 23.88%
> 50 11009 5.97% 54 26.87%
Total 184264 100% 201 100%
ha
 0 - 5 209413 7.40% 90.9 0.45%
5-20 243893 8.61% 707.5 3.54%
20-50 350319 12.37% 1598.5 8.00%
> 50 1845788 65.19% 17581.5 88.00%
Total 2831240 100% 19978.4 100%
Livestock Number of unit
Cattle 324873 10.52% 1715 11.72%
Sheep and goats 1645406 53.27% 7797 53.29%
Pigs 1118260 36.21% 5120 34.99%
Total 3088539 100% 14632 100%
Farmer’s age (mean of years) 56 54
*Cereals, Oil seed, and Protein.
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3. Methodology
The methodology used is a classification tree method, aimed at classifying farmers 
according to their attitudes (adopt vs reject) in order to identify and profile potential ener-
gy crop growers.
Firstly, discussion on the nature and elicitation of stated intentions is set, then the 
methodology used in the scope of paper as well as the variables considered as determi-
nants are reported. 
The use of stated reactions as a good indicator of actual behaviour is a debated issue 
in the literature. This approach was chosen given that at the time of the study reliable 
information about the farmer adoption of energy crops was not yet available. Indeed, 
when the questionnaire was set, energy crops were still inexistent in the area (AAE, 2008). 
Consequently, ex-post econometric regression in order to underline an adoption pattern of 
energy crops was discarded in favour of an ex-ante analysis based on the stated responses. 
In this context, according to attitude theory, and empirical data, behavioural intention is a 
better predictor of behaviour than any other measures (Ajzen, 1991; Viaggi et al., 2011a). 
The information about stated adoption intentions was collected through a closed 
question formulated as follows: Within the next ten years, will there be any energy crops 
on your farm? The options were ‘Yes’ or ‘No’; in addition, farmers’ responses that were not 
clearly stated (i.e. they did not answer and, they did not know what they would do) were 
also collected. In addition, it should be stressed that this analysis concerns adoption inten-
tions and, consequently, we are not able to discuss the level of adoption, or in other words 
what surface area will be devoted to energy crops. Finally, the question did not include an 
explicit reference to a comparison between different crops, farming practices (e.g. rotation, 
irrigation, fertilization) and other relevant aspects of energy crops farming. These explicit 
references were considered complicated and unpredictable at the time of surveying given 
the lack of energy crops in the area. 
In the following analysis only the stated answer concerning reactions in terms of on-
farm adoption is considered as a dependent variable. The dependent variable derived from 
the question concerning the energy cropping described above, and used in this paper, is 
quantified as I = [0,1]. Value 1 is assigned if the answer to the option of the question was 
‘Yes’, and 0 if ‘No’. Other unclear responses were discarded. Indeed, of the 201 farm-house-
holds interviews, 154 observations had a valid value. 
For the purpose of research, the methodology applied is a non-parametric method 
based on classification tree algorithms. Tree-based methods split the sample step by step 
into smaller and smaller groups according to a mathematical condition. There are several 
variants of tree-based methods with different splitting criteria (i.e. algorithm). For exam-
ple, the oldest tree classification algorithm, the CHAID (Chi-square Automatic Interaction 
Detector) technique uses a χ2 test to decide which group to split (Kass, 1980). However, 
the algorithm hints a misappropriation in using continuous variables. 
The CART (Classification and regression trees) is used here. It was firstly proposed 
by Breiman et al. (1984). The CART algorithm uses both continuous and categorical attri-
butes for building the decision tree. The splitting measure in selecting the splitting attri-
bute is Gini index. Usually, it is claimed that CART is most suitable for forecasting, while 
CHAID is better for data analysis. In addition, CART algorithm gives a room to manage 
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missing value. Anyanwu and Shiva (2009) found that the CART algorithm is largely used 
as a decision tree technique with high classification and prediction accuracy. For these 
reasons the CART algorithm is chosen. 
By using the CART algorithm the tree is obtained in two phases: firstly the tree is 
built using an algorithm that recursively divides the sample in smaller sub-samples as the 
tree grows. The procedure takes into account all available variables from the sample and 
checks if there is any statistically significant difference within the pair with respect to the 
target variable (in our case the adoption of crop energy). This procedure may result in a 
too complex tree achieved by growing an overly large tree. Then the second phase goes 
namely the pruning procedure, where ‘unreliable’ branches are pruned in order to mini-
mize over-fitting (Anyanwu and Shiva, 2009). The pruning technique we used follows the 
post-pruning approach as the one used in system CART (Breiman et al., 1984).
The process results in a tree-like structure of groups, also called nodes, in which each 
node has two child nodes. Terminal nodes, also called branches of the tree, define the 
classification of subjects. 
In this case, the classification tree was built by splitting each node until its child 
nodes contained less than six observations. We made this choice based on the size of sam-
ple and, essentially taking into account the shortage of adopters. A minimum of 20% of 
adopters in a branch of the tree was seen as the most convenient splitting result.
Tree classification has been commonly used in medicine (Witbrodt and Kaskutas, 2005), 
veterinary science (Nagy et al., 2010) and agricultural economics (Viaggi et al., 2011b). 
The variables considered as determinants are all those derived from the questionnaire. 
The questionnaire was designed following a review of the literature on farms adopting 
innovation, even if specific literature concerning energy crops is still scarce. In particu-
lar, several farmer characteristics emerge related to an adoption attitude. For instance it is 
assumed that the younger the farmers, the more likely they are to adopt innovations ear-
ly in their respective life cycles (Rogers, 1995). Formal education level is also recognized 
among farmers’ human capital linked with the adoption of innovation (e.g. Fernandez-
Cornejo et al., 1994; Breustedt et al., 2008). It is assumed here that better and more edu-
cated farmers will increase adoption. On the other hand, it is well documented that farm 
structural features (e.g. farm size, land ownership, farm specialization) have a strong influ-
ence on the farmers’ adoption process (e.g. Cutforth et al., 2001; Breustedt et al., 2008; 
Villamil et al., 2008; Keelen et al., 2009). In addition, it has been claimed that off-farm 
jobs may be related to the farmer’s attitudes towards new activities. The flexibility of the 
farmer’s scheduling as well as the complexity of new crops may have a significant bearing 
on the decision to adopt new farming pattern (Hipple and Duffy, 2002; Fernandez-Corne-
jo et al., 2005; Keelen et al., 2009).
The full list of variables used, and the way each variable was measured, is shown in 
Table 2. 
Only 21% of the farm-households interviewed stated the intention to adopt energy 
crops on farm, which is the dependent variable chosen.
The farm characteristic variables are related to current farm size in terms of owned 
land and land rented-in. Renting plays a major role in land availability, particularly for 
annual crops and livestock; about a half of farms rent-in some land. Farming specializa-
tion covers the main agricultural crop systems across the study area, namely specialized 
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COP farm (i.e. winter cereal, sunflower and leguminous crops usually cropped in annual 
rotation), other general arable crops labelled field crops, olive grove systems, other perma-
nent crops which cover citrus, orchard fruit and vineyards, and finally livestock systems. 
The latter category covers both specialist livestock and livestock farming with field crops. 
There are also the farm features related to geographic characteristics, such as altitude. 
Table 2. List of variables used as determinants







Land owned Total land owned (ha) 78.29 269.34
Land rent IN (dummy) Land rent-in 0 = no, 1 = yes 0.45 0.49
Off-farm job
(dummy)
Off-farm labour by 
household members 
including farm head















Location of the farm 












Age Age of farm head (years) Age 52.02 13.01
















Farmer assisted by an 
extension service 0 = no, 1 = yes 0.92 0.14
Farmer union
(dummy)
Membership of farmer 
union 0 = no, 1 = yes 0.41 0.49
Share Gross Revenue
Share of farm income 
from agricultural activity 















Note: 154 observations (only valid answers).
Indicators connected to off-farm jobs by a household member reports a mean of 0.60. 
The remaining variables concern the age of the farm owner, his/her education level, the 
use of extension services and membership in a farm union. Finally, there is the share of 
farm income with respect to the total household income accounting for six levels, ranging 
from less than 10% to higher than 89%.
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4. Results
Figure 2 shows the variables selected by the CART algorithm. The first ramification 
point represents the first determinant of adoption selected by the procedure. It tells us 
Figure 2. Classification tree for the adoption of energy crops on-farm
208 G. Giannoccaro and J. Berbel
that the prevalence of adoption behaviour is higher amongst farmers who do not have off-
farm jobs compared to those who do. Although only 21.4% of the farms would adopt the 
energy crops in the group, this share is highly differentiated between farmers who have 
off-farm jobs and those who do not. While the right route represents 39.6% of surveyed 
farmers (61 out of 154 observations), of these 24 would adopt new crops on farm by 2020, 
which in turn covers the largest share of stated adoption behaviour. In fact, this first rami-
fication accounts for 24 out of 33 farmers who would adopt energy crops. 
In this route the next ramification point, that is, the next predictive factor found by 
the procedure, was farm specialization. While specialized COP and olive grove farms 
demonstrate the smallest share of willingness to adopt (only 4 out of 24 farmers), speciali-
zations such as general field crops, other permanent crops and, livestock with other crops, 
account for the majority of adopters. Indeed, Node 5 accounts for 60.6% (20 over 33) of 
those who would adopt energy crops in the next ten years. 
At this point of the tree, Node 6 is also a branch of this tree ramification. By contrast, 
Node 5 was additionally split with the size of farm land being the selecting factor. Land 
owned emerges as a relevant factor in the farmer’s decision to adopt energy crops. Node 
10, where farms with larger land sizes were selected, accounts for 42.4% (14 over 33) of 
total adopters. Although this node covers only 18.2% (28 respondents) of the total sample 
it constitutes half of those who would adopt energy crops. On the other hand, in Node 9, 
the grouping of smaller farms, there are 6 adopters out of 33 (18%).This route tree ramifi-
cation follows with two additional nodes, namely Node 11 and Node 12. These nodes are 
branches of this tree ramification, which in turn means that non additional ramifications 
are possible considering all the available variables. Once again, the splitting variable is the 
size of land owned. Likewise, the larger the farm, the higher the number of adopters. As a 
whole, Node 12 is the branch node with the higher number of adopters. Almost 40% of all 
farmers who would adopt energy crops (13 over 33) are at this terminal node. Let us turn 
now to the left side of tree ramification, where farmers who have an off-farm job were 
further divided by the algorithm according to education level. As a result, the sub-group 
of farmers who have an off-farm job was split into two nodes, respectively Node 3 for 
those who have less than a high school education and Node 4 for those who held a higher 
level of education. In this regard, the findings show that amongst farmers who have an 
off-farm job, those with a higher level of formal education seem to be more amenable to 
adopt energy crops on farm. Indeed, 6 out of 9 in this ramification fell into Node 4. While 
Node 3 is a branch of tree, Node 4 was split into two additional nodes, namely Node 7 
and Node 8. The splitting variable was farm specialization. Basically, in this ramification 
the level of farmer education and farm specializations, such as field crops and COP, are 
the most important features related to the farmers’ adoption.
With respect to the overall sample, the results show that only 33 of the 154 farmers 
interviewed, namely 21.4%, are willing to adopt energy crops on farm. Most of these fall 
into Node 2, with off-farm jobs being the discriminating variable. Terminal nodes per-
formed by the tree classification method also show that the largest sub-group is Node 3, 
where the majority of rejections are covered with the farmer’s education being the select-
ing variable. The CART algorithm also performs a ranking of importance for each inde-
pendent variable of the tree. Farm specialization, farm size, off-farm job and farmer’s edu-
cation were respectively ordered from major to minor importance. 
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The performance of the classification tree was rather good and in line with the experi-
ence of other authors (Viaggi et al., 2011b; Nagy et al., 2010) with about 84% of the choic-
es correctly predicted. Indeed, 88.4% of farmer’s rejection behaviour and 69.7% of adop-
tion was correctly classified.
5. Concluding remarks
The main outcome of this analysis is that farm features such as the off-farm labour 
factor together with specializations and the size of land owned affect the adoption of 
energy crops on farm. In addition, personal features such as farmer education levels are 
also relevant. A large number of southern Spanish farmers have jobs off-the-farm. Farm-
ing activities and practices that create scheduling conflicts between on-farm management 
and off-farm employment discourage adoption of alternatives. This aspect of compatibility 
is discussed in the literature. Likewise, formal education level is also recognized among 
farmers’ human capital linked with the adoption of innovation. These findings are in line 
with the literature on innovation adoption. At the same time, energy crops face com-
petition from other arguably more standard crops in the study area, such as olive grove 
systems therefore these specialized farms do not seem to perceive energy crops to be as 
attractive as other specializations. The result of this attitude is that most of the farms in 
the study area would not adopt energy crops. On the other hand, specializations such as 
field crops appear to be relevant in the study area. Among the field crops cultivated in the 
area, cotton and sugar beet are most common. It should be stressed that by mean of the 
last Common Agricultural Policy reform started in 2006 both crops have been constrained 
by national entitlements. This means that each EU member can produce a maximum area 
of these crops at a subsided price. As a result, those farmers that were obliged to reduce 
the amount of farmland devoted to these crops might be more willing to adopt energy 
crops. Similar results have been obtained regarding French farmers who have retreated 
from sugar beet production and who would be more likely to participate in miscanthus 
activity (Bocquého et al., 2011).
Finally, farm land size was significant in the tree classification. Generally, the adoption 
of energy crops would be more likely on larger farms. Contrary to expectations, factors 
such as farmer age do not appear here. It should be emphasised that farmer age and edu-
cation level are strictly correlated with the younger farmers being those who reach higher 
education levels. In addition, since the sample here is very small it could well be biased. 
However, according to the results, only the education factor is significant. 
According to the findings further research should be carried out taking into account 
for instance the age of assets and the actual available liquidity of farm-households. Moreo-
ver, farmer’s expectation about market price and job opportunity could well be related to 
the adoption of energy crops. These latter factors could be relevant in the adoption pro-
cess, affecting the profitability of food and fibre crops as a whole, and obviously, energy 
crops. Moreover, in times of market price volatility, energy crops might also be considered 
to be a risk reducing crop through diversification.
More insights are also needed with respect to the influence of the Common Agri-
cultural Policy reforms. Indeed, incentives for energy crops, as well as other changes in 
the scheme of support, should be addressed. This aspect is also related to idle/marginal 
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lands and the change in the crop-mix that could arise as a result of policy amendments. 
Energy crops could be very interesting alternatives on marginal lands, as Campbell et al. 
(2008) emphasize.
This research aimed to explore farmer attitudes and responses towards a new crop-
ping activity, namely energy crops, in a study area that lacked existing examples. The 
results should be considered as preliminary findings. Other aspects related to energy 
crops, such as potential social (food competition) and environmental (water and land use) 
threats (Evans et al., 2010), need to be analysed. The latter could be relevant in the study 
area (i.e. water availability) dealing with farm choices.
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